Introduction: To evaluate the efficacy and safety as well as the long-term cost-effectiveness of insulin glargine 100 U/mL (IGlar) versus insulin degludec (IDeg) for the treatment of type 2 diabetes mellitus (T2DM) from the Chinese healthcare system perspective. Methods: A systematic search of English and Chinese electronic databases for randomized controlled trials (RCTs) comparing IGlar with IDeg for the treatment of T2DM was performed, followed by a meta-analysis to compare the efficacy and safety of IGlar versus IDeg. The CORE Diabetes Model was used to estimate lifetime costs, quality-adjusted life years Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.9586148.
(QALYs) gained, and cost-effectiveness of IGlar versus IDeg. One-way and probabilistic sensitivity analyses were conducted to assess the underlying parameter uncertainty. Results: Six RCTs were included in the metaanalysis. The IGlar group showed a statistically significant decrease in glycated hemoglobin (HbA 1c ) from baseline compared to the IDeg group (mean difference [MD] 0.08%, 95% confidence interval [CI] 0.01-0.14%, P = 0.02). Body mass index (BMI) control was numerically better in the IGlar group than in the IDeg group (MD 0.07 kg/m 2 , 95% CI -0.01 to 0.14 kg/m 2 , P = 0.08). In terms of hypoglycemia, the incidence of non-severe overall hypoglycemia was comparable between the IDeg and IGlar patient groups (P [ 0.05), while the incidence of nonsevere nocturnal hypoglycemia (relative risk [RR 0.79], 95% CI 0.70-0.90, P \ 0.01) and the event rates of non-severe overall (RR 0.91, 95% CI 0.85-0.97, P \ 0.01) and non-severe nocturnal hypoglycemia (RR 0.91, 95% CI 0.85-0.97, P \ 0.01) were lower in the IDeg group. The incidences and event rates of both severe overall and nocturnal hypoglycemia were similar for the two groups (P [ 0.05). The cost-effectiveness analysis showed that IGlar is the dominant treatment option compared with IDeg, with a lifetime savings of 1004 Chinese yuan in direct medical costs and a net gain of 0.015 QALYs per patient. Both one-way and probabilistic sensitivity analyses confirmed the robustness of the results.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a progressive disease characterized by insulin resistance and the progressive loss of b-cell function, resulting in insulin deficiency. This disease accounts for 95% of all diabetes cases [1] , and if uncontrolled, it can result in significant long-term morbidities and early mortality [2] .
Globally, an estimated 422 million adults were living with diabetes in 2014, compared to 108 million in 1980. The age-standardized prevalence of diabetes has nearly doubled since 1980, increasing from 4.7 to 8.5% [2] . In China, the estimated overall prevalence of total diabetes was 10.9% among adults (114 million in total) in 2013 [3, 4] . Due to an aging population, it is expected that the absolute number of patients in China will continue to rise in future years.
In 2014, the total healthcare expenditure on diabetes was estimated to be $825 billion worldwide, the largest single share ($170 billion) of which was spent by China [5] . In 2014, the estimated direct cost per diabetic patient per year in China was around $446 [4] . The heavy economic burden of diabetes is mainly due to its complications, including heart attack, stroke, kidney failure, leg amputation, vision loss, and nerve damage. A 2009 Chinese study showed that 60.9% of patients with DM had at least one diabetic complication or related disease, with this percentage increasing to 71.2% in 2011 [6] . A study by Chen et al. revealed that the annual direct medical cost of DM patients with complications was 3.71-fold higher than that of those without a complication [7] . Therefore, both policy-makers and healthcare providers have an invested interest in preventing or slowing the progression of diabetes complications by achieving tight glycemic control .
Owing to the progressive nature of T2DM, a large number of patients require insulins to achieve glycemic control. Recent treatment guidelines have highlighted the importance of basal insulin therapy in people with T2DM [8] [9] [10] [11] . Insulin glargine 100 U/mL (IGlar) was the first once-daily, long-acting insulin analog to be marketed, and it has been in clinical use for more than 15 years [12] . Compared with older human insulin formulations, such as Neutral Protamine Hagedorn (NPH), IGlar achieves a similar reduction of glycated hemoglobin (HbA 1c ) from baseline but with a significantly lower rate of hypoglycemic events [13] . Insulin degludec (IDeg) is described as a secondgeneration basal insulin with an ultra-long and stable action profile and lower pharmacodynamic variability [14, 15] . Two meta-analyses investigating the efficacy and safety of IGlar versus IDeg have been recently published [16, 17] . Trials included in the meta-analysis conducted by Liu et al. [16] were a mix of different study designs (randomized controlled trials [RCTs] and cross-over trials) and different dosing regimens of IDeg (once daily or three times a week), which may have confounded the findings. The other meta-analysis was conducted by Roussel et al. [17] who only incorporated clinical trials from the BEGIN series programs and ignored other studies. Therefore, an updated meta-analysis is needed to comprehensively illustrate the comparative efficacy and safety between these two basal insulins.
In addition to clinical evidence, economic evidence is of great importance to decisionmakers with the aim to optimize resource use and service delivery. Several cost-effectiveness studies [18] [19] [20] [21] [22] [23] comparing IGlar with IDeg for treating T2DM have been conducted in Western countries, such as the UK and Spain. All of these studies were conducted with a short time horizon (12 months) based on the rationale that the efficacy data were from treat-to-target trials with insulin doses adjusted to achieve similar glycemic control between treatments and, therefore, long-term modeling would not be informative. However, given that T2DM is a chronic progressive disease that could have severe and long-term complications, a longterm simulation model is needed to capture the full economic values of the medications.
The objective of our study was to investigate the efficacy, safety, and long-term cost-effectiveness of IGlar (100 U/ml) versus IDeg in patients with T2DM from the perspective of the Chinese healthcare system.
METHODS

Systematic Review and Meta-Analysis
We searched ten English and Chinese electronic databases ( [24] [25] [26] [27] [28] [29] , among which two trials had extension phases. As several outcomes were not evaluated in the extension phase and their treatment durations were much longer than those of the other studies, we included only the original reports of the trials in our meta-analysis in order to reduce potential heterogeneity. The PRISMA flow chart and characteristics of the included trials are given in the Electronic Supplementary Material (ESM Fig. S1 ; ESM Table S1 ).
A total of 4219 T2DM patients who participated in the six clinical trials that compared IGlar (n = 1391) with IDeg (n = 2828) were included in the meta-analysis. The following outcomes were extracted for the meta-analysis: HbA 1C reduction from baseline; changes in body mass index (BMI) and weight from baseline; and incidence and episode rates of hypoglycemia. The Cochrane Collaboration's tool [30] was used to assess the risks of bias for the included studies. The meta-analysis was conducted using Cochrane's Review Manager (RevMan 5.3). The continuous outcomes were measured by the mean difference (MD), dichotomous outcomes were measured by risk ratio (RR), and the hypoglycemia event rate (per patient year) was measured by log rate ratio.
Cost-Effectiveness Analysis
Model Overview
We employed a validated computer simulation model of diabetes (IQVIA CORE Diabetes model [CDM]) [31, 32] to estimate long-term health outcomes and the economic consequences of implementing interventions during the treatment of diabetes. The CDM allows results to be extrapolated from short-term trials to long-term outcomes. The model comprises 17 interdependent submodels that simulate the complications of diabetes, including angina, myocardial infarction, congestive heart failure, stroke, peripheral vascular disease, diabetic retinopathy, macular edema, cataract, hypoglycemia, ketoacidosis, lactic acidosis, nephropathy and end-stage renal disease, neuropathy, foot ulcer and amputation, pulmonary edema, and depression, in addition to nonspecific mortality. Each submodel is a Markov model using time, state, time-in-state, and diabetes type-dependent probabilities (where appropriate and available) to simulate the progress of patients through different states. For each cycle, the order in which the submodels run changes randomly. Monte-Carlo simulations are performed at the individual patient level using tracker variables to accommodate complex interactions between individual complication submodels. The CDM uses separate transition probabilities and management strategies for type 1 diabetes mellitus and T2DM, and source data for model parameters are obtained from a broad range of published clinical and epidemiological studies. The main sources of the long-term transition data are the Diabetes Control and Complications Trial (DCCT), United Kingdom Prospective Diabetes Studies (UKPDS), and Framingham studies, the former two of which informed the relationship between glycemic control and diabetes prognosis, while the Framingham studies are a series of long-term, ongoing cardiovascular cohort studies. The CDM allows direct and indirect costs to be estimated, adjusts for quality of life, and allows users to perform cost-effectiveness and cost-utility analyses. Access to the model's technical documentation that lists all data sources is available from the authors on request. A more detailed description of the structure of the IQVIA CORE model is given in a previous publication [31] .
In order to reflect the chronic nature of T2DM and capture both mortality and T2DMrelated complications over patients' lifetime, a lifetime (50 years) horizon was used.
Gain of quality-adjusted life-years (QALYs) and direct costs expressed in 2017 Chinese yuan (CNY) from the perspective of the Chinese healthcare system were calculated. Both costs and clinical benefits were discounted at an annual rate of 3.0%. One-way sensitivity analyses and probabilistic sensitivity analyses were conducted on the key parameters to assess the robustness of the results.
Clinical Inputs
A simulated cohort of patients was defined mainly based on the baseline characteristics of patients in a RCT comparing IGlar with IDeg in Chinese T2DM patients [33] . Other baseline characteristics were sourced from the literature [3, [33] [34] [35] [36] [37] [38] [39] . Baseline cohort characteristics are presented in Table 1 .
Treatment effects incorporated in our analysis included the changes from baseline in HbA 1c and in BMI. The changes in HbA 1C and BMI from baseline and the risk of hypoglycemia events in the IGlar group were derived from Pan et al. [27] as the reference case, and the treatment effects in IDeg group were calculated based on the relative treatment effects between the two groups that were derived from our new meta-analysis. Details of applied treatment effects are presented in Table 2 .
Patients in the two groups were assumed to receive their corresponding treatment regimens until their HbA 1c rose above 7.5% (58 mmol/L), then they were switched to basal-bolus therapy [33] , Table 1 Duration of diabetes (years) 7.9 5.4 [33] , Table 1 Proportion male (%) 50.8 - [33] , Table 1 HbA 1c (%) 8.2 0.9 [33] , Table 1 SBP (mmHg) 131.89 15.14 [34] , Table 1 DBP (mmHg) 81.02 11.06 [34] , Table 1 Total cholesterol (mg/dL) 181.60 39.10 [3] , Table 1 HDL-holesterol (mg/dL) 52.30 14.90 [3] , Table 1 LDL-cholesterol (mg/dL) 112.92 44.86 [34] , Table 1 Triglyceride (mg/ dL) 191.32 138.17 [34] , Table 1 BMI (kg/m 2 ) 25.0 2.9 [33] , Table 1 eGFR (mL/min/ 1.73 m 2 )
104.9 0 [35] , Table 1 HAEM (g/dL) 1.38 0 [35] , Table 1 White blood cells (10 6 /ml) Table 1 Heart rate (bpm) 72 12 [36] , Fig. 3 Waist-hip rate 0.93 0 [37] , Table A UAER (mg/mmol) 2.0 0 [35] , Table 1 Serum creatinine (mg/dL) Table A Serum albumin (g/ dL)
3.9 0 [37] , Table A Proportion smokers (%)
28
- [3] , Table 1 Cigarettes (n/days) 15.2 - [38] , Table 9 .1 [10] . This assumption recognizes that intensification to basal-bolus therapy will be required for patients to maintain glycemic control over the long term. Following application of the treatment effects based on the trial data, all treatment variables were assumed to follow the natural progression algorithms built into the CDM (as described by Palmer et al. [31] ). For BMI, the treatment effect upon reaching the HbA 1c 7.5% threshold was assumed to remain constant during treatment; this was a conservative approach as in reality weight may be regained gradually over time. Upon reaching the 7.5% HbA 1c threshold, the treatment effects of basal-bolus therapy were applied to all patients based on data from the published paper [40] .
Costs
Direct medical costs included acquisition costs for IGlar and IDeg, costs of treatment associated with diabetes-related complications, and costs of routine patient management. All costs were expressed in 2017 CNY. Costs associated with self-monitoring of blood glucose, self-injection, and oral anti-hyperglycemic medications were not included in the analyses as these costs were assumed to be the same across treatment arms. The costs of diabetes-related complications in the year of the event and the annual follow-up costs (each year of the simulation subsequent to the event) were mainly calculated from a study on the direct medical costs of diabetes-related complications using the sampling claims data collected by China Health Insurance Research Association (CHIRA) [41] . The detailed calculation equations are presented in ESM Tables S2  and S3 . The costs inputs are shown in Table 3 . 
Sensitivity Analyses
One-way sensitivity analysis and probabilistic sensitivity analysis were performed on selected key variables to explore the robustness of basecase results in relation to parameter uncertainties and modeling assumptions. PD costs 1st year 59,882 [52] Annual costs PD 2? years 48,842 [52] RT costs 1st year 259,208 [52] Annual costs RT 2? years 68,572 [52] Acute events Non-severe hypoglycemia cost 801 [41] Severe hypoglycemia cost 12,557 [41] Keto event cost 12,128 [41] Lactic acid event cost 8300 [41] Edema onset cost 561 [41] 
Eye disease
Laser treatment cost 6287 [41] Cataract operation cost 10,339 [41] Following cataract operation cost 362 [41] Blindness-year of onset cost 2119 [52] Blindness-following years cost 700 [52] Neuropathy/foot ulcer/amputation
Neuropathy 1st year cost 17,091 [52] Neuropathy 2nd years cost 6557 [52] Amputation (event based) cost 15,905 [52] Amputation prosthesis (event based) cost 14,283 [52] Gangrene treatment cost 14,959 [41] After healed ulcer cost 5402 [52] Infected ulcer cost 23,080 [52] Standard uninfected ulcer cost 19,207 [52] CHF Congestive heart failure, CVD cardiovascular disease, CYN Chinese yuan, HD hemodialysis, MI myocardial infarction, PVD peripheral vascular disease, PD peritoneal dialysis, RT renal transplant
The following one-way sensitivity analyses were conducted: discounting rate (0, 5, or 8%), time horizon (10 or 20 years), the HbA 1C threshold for changing treatment line (7 or 8%), hypoglycemic event rate (the same between two groups), BMI (the same between two groups), drug acquisition costs (± 30%), and disease management costs (± 20%).
A Monte Carlo simulation was used to perform probabilistic sensitivity analysis (PSA) with parameter inputs (utilities, costs, treatment effects, and cohort characteristics) sampled from fixed distributions with the mean and standard deviation values. For costs data, a range of ± 10% was applied. The PSA used 1000 simulated patients over 1000 iterations to ensure stability of the results.
Compliance with Ethics Guidelines
This research is entirely based on secondary data sources and does not contain any studies with human participants or animals performed by any of the authors.
RESULTS
Meta-Analysis
The meta-analysis indicated that HbA 1c reduction (%) from baseline to study end was significantly greater in patients on IGlar versus those on IDeg ( Fig. 1a ; MD 0.08%, 95% confidence interval [CI] 0.01-0.14%). In addition, both body weight gain ( Fig. 1b ; MD 0.17 kg, 95% CI -0.05 to 0.38 kg) and BMI ( Fig. 1c ; MD 0.07 kg/ m 2 , 95% CI -0.01 to 0.14 kg/m 2 ) favored the IGlar group, but the differences between groups were not statistically significant.
In terms of hypoglycemia, the incidences (percentage of patients who experienced hypoglycemia) of non-severe overall hypoglycemia ( Fig. 2a ; RR 0.96, 95% CI 0.89-1.02), severe overall hypoglycemia ( Fig. 2c ; RR 0.68, 95% CI 0.40-1.14), and severe nocturnal hypoglycemia ( Fig. 2d ; RR 0.98, 95% CI 0.35-2.75) were comparable between the IDeg and IGlar groups, while the incidence of non-severe nocturnal hypoglycemia was significantly lower in IDeg group (Fig. 2b ; RR 0.79, 95% CI 0.70-0.90).
The events rates (rate per patient-year) of non-severe overall hypoglycemia ( Fig. 2e ; RR 0.91, 95% CI 0.85-0.97) and non-severe nocturnal hypoglycemia (Fig. 2f, RR 0 .70, 95% CI 0.61-0.82) were significantly lower in IDeg group than in IGlar group. The events rate of severe hypoglycemia was comparable between IDeg and IGlar ( Fig. 2g ; RR 0.92, 95% CI 0.53-1.59). Due to the rareness of the severe nocturnal hypoglycemia event reported in the clinical studies, the meta-analysis of severe nocturnal hypoglycemia event rate could not be performed.
Cost-Effectiveness Analysis
Base-Case Analysis
As illustrated in Table 4 , patients treated with IGlar were projected with a net increase of 0.015 (95% CI 0.006-0.025) QALY gains over a patient's lifetime compared with those treated with IDeg. The clinical benefit was the result of the reduced cumulative incidence of diabetesrelated complications in the IGlar group (ESM Tables S5, S6 ). The mean lifetime discounted direct cost for the IGlar group was CNY 1004 lower (95% CI -1758 to -251) than that for the IDeg group, primarily owing to differences in the costs of drug acquisition and treatment of complications (i.e. cardiovascular disease and renal diseases). Consequently, the use of IGlar was found to predominate relative to the use of IDeg for the treatment of T2DM in China.
One-Way Sensitivity Analysis
One-way sensitivity analyses showed that the results were robust to parameter changes ( Table 5 ). IGlar remained dominant in all scenarios tested, with the exception of the time horizon of 10 years, in which IGlar was the dominant medication. Within the range of all parameter changes, the results were most sensitive to the reduction of the discount rate to 0%.
Probabilistic Sensitivity Analysis
With 1000 Monte Carlo simulations, assuming a willingness-to-pay threshold of CNY 178,980 per QALY gained (threefold the gross domestic product per capita in 2017 in China), the probabilistic sensitivity analyses indicated that IGlar was dominant (more effective and less costly) in 22.4% of the simulations and costeffective in 55.7% of the simulations. The incremental cost-effectiveness plane is presented in Fig. 3 , and the resulting cost-effectiveness acceptability curve is presented in Fig. 4 .
DISCUSSION
This is the first long-term cost-effectiveness analysis comparing IGlar with IDeg for the Fig. 2 a-g Forest plots of meta-analysis results of IGlar vs. IDeg for hypoglycemia in terms of incidence (%) of nonsevere overall hypoglycemia (a), incidence (%) of nonsevere nocturnal hypoglycemia (b), incidence (%) of severe overall hypoglycemia (c), incidence (%) of severe nocturnal hypoglycemia (d), events rate (PYE) of non-severe overall hypoglycemia (e), events rate (PYE) of non-severe nocturnal hypoglycemia (f), events rate (PYE) of severe overall hypoglycemia (g). M-H Mantel-Haenszel method, PYE patient-year of exposure treatment of patients with T2DM. Our study indicated that, compared with IDeg, IGlar was the dominant medication with a greater QALY gain and at a lower medical cost for T2DM patients in China. One-way and probabilistic sensitivity analyses pointed to the robustness of the results.
The availability of rising numbers of noninsulin antidiabetic agents has fostered a reluctance to use insulin among both physicians and patients. Nevertheless, in terms of achieving good glycemic control, the use of insulin, sooner rather than later, significantly reduces the risk of diabetic complications and may also slow or even halt diabetes progression [47] . Therefore, basal insulin is recommended for the treatment of newly-diagnosed T2DM patients with a HbA1c of C 9.0% or fasting plasma glucose of C 11.1 mmol/L, or patients with a HbA 1c of C 7.0% after 3 months of oral antidiabetic drug treatment [8] . When choosing basal insulin, physicians need to balance the efficacy of glycemic control and hypoglycemia risk.
Fig. 2 continued
HbA 1c is the gold-standard of treatment efficacy as it measures glycemic control over several months and has a predictive value for diabetes complications [17] . The most recent meta-analysis [16] revealed that IGlar achieved a significantly greater HbA 1c reduction from baseline than did IDeg, which is similar to our results. Several other previously published meta-analyses [48] [49] [50] reported non-inferior efficacy of HbA 1c reduction between IGlar and IDeg. In our meta-analysis, IGlar was associated with significantly greater HbA 1c reduction compared with IDeg. Apart from the efficacy, side effects, such as hypoglycemia, which is co-mmonly associated with insulin treatments, also have a major impact on a patient's life and pose a substantial cost burden through increased treatment costs and reduced productivity [23] . In our study, the incidence of nonsevere overall hypoglycemia was comparable between the IDeg and IGlar patient groups, while the incidence of non-severe nocturnal hypoglycemia and the event rates of non-severe overall and non-severe nocturnal hypoglycemia were lower in the IDeg group. The incidence and event rate of several hypoglycemia were comparable between the two groups.
Long-term cost-effectiveness analysis that weighs the benefits of HbA 1c reduction and risks of hypoglycemic episodes provides an integrated benefit-risk profile and a unique perspective that is needed for decision-making. In our study, after extrapolating the short-term efficacy data to predict long-term clinical outcomes and corresponding costs, we found that IGlar was associated with more QALY gains and lower costs for T2DM patients in China compared with IDeg over a lifetime horizon. As mentioned above, several other published economic analyses have explored the short-term cost-effectiveness of IGlar versus IDeg and concluded that IDeg is more cost-effective primarily due to the lower risk of hypoglycemic events [18] [19] [20] [21] [22] [23] . However, for a chronic progressive disease that is prone to severe and long-term complications, a long-term simulation model is more likely to capture the full clinical and economic values of the medications. Another possible reason why our results differ from those of published papers is that the current study modeled multiple complications rather than only hypoglycemic events. For people with diabetes, complications, such as cardiovascular disease and foot ulcer, tend to consume more medical resources than does the management of hypoglycemic events.
There are several limitations to our study. First, the transition probabilities used in the CORE model were mainly derived from clinical trials and epidemiological studies conducted in Western populations. Potential differences may exist between Western and Chinese patient populations. In the absence of any long-term followup data on Chinese diabetes patients, the transition probabilities from Western populations are still the best data currently available. Secondly, this study only considered direct costs, and indirect costs, such as costs associated with lost productivity, were not included. If a societal perspective is adopted, the overall benefit of IGlar may be underestimated due to the lower incidence of diabetic complications. Lastly, even though our study indicated that IGlar was the dominant treatment option compared with IDeg, the QALYs gained were fairly small, as illustrated through the CE plane that centered the cloud not far from 0 in the PSA. Consequently, caution is advised in interpreting these results. 
CONCLUSION
Compared with IDeg, IGlar appears to be an agent of choice for the treatment of T2DM patients in China. Over the lifetime treatment horizon, treatment with IGlar is projected to result in a small but significant (95% CI 0.006-0.025) QALY gain at a lower treatment cost.
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